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D i f f e r e n t i a l  c ross  sec t ions  have been measured f o r  
t h e  r eac t ion  2 0 ~ e ( p , n ) 2 0 ~ a  a t  120 MeV covering the  
angular range 0" < eCm < 38". The t a r g e t  was a gas 
c e l l ,  developed f o r  the  IUCF beam swinger, containing 
i s o t o p i c a l l y  enriched 2 0 ~ e  gas. Neutron time-of -f l i g h t  
(TOF) spec t ra  were measured simultaneously along 0" and 
24" f l i g h t  paths  of 102 m and 80 m respect ively .  At 
each angle y i e l d s  were a l s o  measured f o r  an empty c e l l .  
Peak a reas  were ex t rac ted  us ing the  program FITIT. 
Background peaks a r e  determined from the  empty c e l l  
runs  while the  s lope of the  background i s  determined 
from the  2 0 ~ e  spec t ra  ( c e l l  background + wraparound). 
Cross sec t ions  a r e  normalized using the  1 2 ~ ( p , n ) 1  2~ 
MeV 
(g-s.)  t r a n s i t i o n  (CO gas)  a s  repor ted by Rapaport e t  - - 
- 
a l e 1  I n  add i t ion  a check was made using the  s o l i d  
- 
t a r g e t  7 ~ i  and 12c data.  These t a r g e t s  a r e  a l s o  used 
- 
a s  a v e l o c i t y  ca l ib ra t ion .  
Figure  1 shows the  angular d i s t r i b u t i o n  i n  the  0 .o 
'6 I I 
center-of-mass frame f o r  the  f i r s t  1+ s t a t e  i n  2 0 ~ a .  
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This s t a t e  is the  analog of the  s t rong  M 1  s t a t e  seen i n  
2 0 ~ e ( e , e  '). The curve is the  r e s u l t  of a DWBA Figure 1. Angular d i s t r i b u t i o n  f o r  the  2 0 ~ e ( p , n ) 2 0 ~ a  
'(0.95~, 1+) reac t ion  a t  120 MeV. The curve is a 
c a l c u l a t i o n  us ing c l u n g - ~ i l d e n t h a l 2  wavef unct ions  and DWBA c a l c u l a t i o n  us ing the  Chung-Wildenthal t r a n s i t i o n  
d e n s i t i e s  and the  Love-Franey 140 MeV t-matr ix  
t h e  f u l l  (complex) ~ o v e - ~ r a n e ~ ~  140-MeV force. The i n t e r a c t i o n .  
c a l c u l a t i o n  reproduces the  da ta  very wel l  with no 
adjustments.  con t r ibu t ions  while i n  the  analog (p,n) r eac t ion  near  
The i sovec to r  M1 operator  mediating ( e , e l )  0" only the  sp in - f l ip  i n t e r a c t i o n  w i l l  contr ibute .  
r eac t ions  has both o r b i t a l  cu r ren t  and sp in  Since the  t ensor  i n t e r a c t i o n ,  the  s p i n - o r b i t  
interaction and the L=2 transition densities are small 
I 1 
near q=O, we have approximately4 
where psi(q) and pR1(q) are the momentum 
10 10 
representations of the spin and orbital current 
transition densities, vC(q) is the Bessel transform of 
1 
the effective interaction and g1 and g1 are the spin 
s R 
and orbital g-factors. Comparison of B(M1) values and 
(p,n) cross sections will determine the current and 
spin contributions to the M1 isovector excitation. 
In the case of 20~e(e,e') at 180° only one strong 
M1 transition (J"=1+, T=l) has been observed below 20 
MeV excitation. Our measurement of apn for the Tz+l 
analog leads to a determination of the spin transfer 
matrix element consistent with the chung-wildentha12 
wavefunctions and consistent with that determined for 
the TZ=-1 analog from the 20~e(n',y)20~ work of 
Martoff et ale5 
In addition to the ground state (JX=~+) and the 
first M1 state, at least three more peaks are observed 
in the spectra. The transition strength and angular 
distributions for states at %=1.29 MeV and %=1.79 MeV 
(see Fig. 2) indicate that these states are spin-flip 
AL=l transitions. DWBA calculations can rule out a 
0' assignment but can not distinguish between 2' and 1'
in the angular region measured. Based on the assign- 
ment given to the apparent Tz= -1  analog^,^ a P=2' 
assignment is assumed. A broad peak with its 
centroid at 5.58 MeV excitation appears to be a 
combination of ALSO and AL=l strength. The apparent 
analog in *OF was given a tentative 2' assignment. 
The Chung-Wildenthal calculations predict additional M1 
transition strength in this energy region. Estimates 
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Figure 2. Angular distribution for the 20~e(p,n)20~a 
(1.79 MeV) reaction at 120 MeV. The curves are DWBA 
calculations assuming P=2' (solid line) and P=1' 
(dashed line). 
based on the observed 2' and 1+ angular distributions 
give values for the 1+ cross sections consistent with 
the expected strength. 
The simultaneous description of the B(M1) values 
and the (p,n) cross sections for 2 0 ~ e  provide evidence 
of 1+ states with constructive interference and states 
with destructive interference of spin and 
orbital-recoupling transition densities. Further work 
is in progress. 
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A recent  high-energy i n e l a s t i c  proton s c a t t e r i n g  
s tudy on the  even N i  i so topes  repor ted the  observat ion 
of peaks t h a t  a r e  bel ieved t o  be the  To and To+l 
components of the  M1 resonance. l Here To i s  the  
i sosp in  of the  t a r g e t  ground s t a t e .  Motivated by t h i s ,  
we undertook a study of the  (p,n) r eac t ion  on the  even 
N i  i sotopes  t o  e x c i t e  the  analogues of these  s t a t e s ,  a s  
we l l  a s  the  dominant To-1 component. The To and To+l 
components a r e  expected t o  be populated more weakly i n  
general ,  p a r t l y  a s  a r e s u l t  of i sosp in  coupling 
geometry. 
The measurements were performed using a 134-MeV 
proton beam. The 0' (p,n) s p e c t r a  f o r  the  four  t a r g e t s  
a r e  shown i n  Fig. 1. The energy reso lu t ion  is about 
400 keV. The 5 8 ~ u  spectrum is  s i m i l a r  t o  those 
measured by Rapaport e t  a1.2 a t  120 and 160 &V. The 
ground-state i s o b a r i c  analogue s t a t e  (US) occurs a t  
e x c i t a t i o n s  of 0.2, 2.5, 4.6, and 6.8 MeV, 
r e spec t ive ly ,  i n  5 8 , 6 0 , 6 2 * 6 4 ~ u .  By adding t o  the  U S  
energ ies  the  To and To+l e x c i t a t i o n  energies  observed 
i n  (p ,p f ) ,  t he  pos i t ions  of these  i sosp in  components i n  
t h e  (p,n) s p e c t r a  can be predic ted.  The comparison 
between the  predic ted and observed pos i t ions  is  shown 
i n  Table I. Based on t h i s  comparison, we t e n t a t i v e l y  
make the  i sosp in  assignments ind ica ted  i n  Table I to .  
some of the  (p,n) peaks. The To+l l e v e l  is  not 
observed i n  6 4 ~ u ,  probably because i t  is too weak. 
The remaining broad s t r u c t u r e s  i n  the  spec t ra ,  a t  
e x c i t a t i o n s  above 5.5 MeV,  a r e  given t h e  i s o s p i n  
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Figure 1. Spectra  of neutrons from t h e  (p,n) r e a c t i o n  
on 58,60,62,64~i .  
